in the investigation of hirsutism in women [1, 2] and of testicular dysfunction in boys and men [3, 4] .It has also been used to monitor the treatment of patients with congenital adrenal hyperplasia [5] .Investigators in the UK have been reluctant to adopt the newer commercial direct assays for testosterone, possibly because of earlier reports of anomalous high results with some of these kits [6] . About one-third of the participants in the UK National External Quality Assessment Scheme (UK analyzer [8] .This instrument provides random-access analysis with an assay incubation time of only 7.5 mm and a time to first result of 15 mm. We report here our analytical evaluation of this assay. and stored at -40 #{176}C until assay. Between-assay imprecision was calculated from the results for 10 pools, covering a similar concentration range, analyzed in seven assays. Two sets of recovery pools were prepared.
Materials and Methods

PROCEDURES
One set comprised two serum pools, prepared from a random selection of patients' sera, that contained --4.0 nmolJL and 7.0 nmol/L testosterone.
To aliquots from these pools we added 6.94 and 10.4 nmol/L testosterone.
The second set contained four pools, prepared to contain sex-hormone-binding globulin (SHBG) concentrations of 37, 68, 123, and 212 nmol/L as determined by the Farmos immunometric assay (Pharmacia Wallac). To these pools we added 5, 10, and 20 nmol/L testosterone.
All specimens were analyzed in duplicate on three occasions.
To examine assay cross-reactivity with Sa-dihydrotestosterone (DHT), we added 10. 
Results
Within-assay imprecision was <6% at testosterone concentrations from 1.37 to 42.4 nmol/L (Fig. 1, top) , and between-assay imprecision was <9% from 1.43 to 29.03 nmolJL (Fig. 1,   bottom) . Analytical recovery of added testosterone from the two serum pools was 100.6% (SD 6.1%). The recovery calculated for testosterone in serum with increasing amounts of SHBG gradually decreased (Table 1) . At low concentrations of SHBG, the amount of testosterone added was overestimated; at higher concentrations, the recovery was more quantitative but underrecovery was apparent at very high SHBG concentrations. Concentration(nmol/L) Average of the two methods Cross-reactivity with DHT was 6.2% ± 1.5%.
Comparison of patients' results by the ACS: 180 with those by the DPC assay (Fig. 2, top) showed a good correlation (y -0.164 + 0.92lx, r2 = 0.973). However, at low concentrations, the DPC results appeared lower than the ACS:180 results. This is confirmed by the Bland-Altman plot (Fig. 2, bottom) . The correlation between the two methods was good down to - (Fig. 4, top) , but this bias is consistent across the whole testosterone concentration range (Fig. 4, bottom) .
Discussion
To adequately distinguish normal testosterone concentrations from above-normal values, we suggest requiring a between-assay imprecision of <10% at -2.5 nmolIL, given an upper limit of normal for the female population of -3.0 nmol/L [12] . However, the investigation of precocious puberty requires this value for imprecision to be maintained down to a concentration of -1.0 nmol/L, i.e., about the upper range of normal for prepubertal children [13, 14] .Our data show that the performance of the ACS: 180 method certainly achieves these goals, its withinassay imprecision being <6% from 1.37 to 42.4 nmolJL and the between-assay imprecision <10% over a similar concentration range. However, this evaluation was carried out with the same lot number of kits and, therefore, does not take into consideration imprecision that might result from batch-to-batch variation. However, because the calibration period for this assay is currently 7 days, the evaluation, which extended over several weeks, involved several recalibrations of the assay. Hence the between-assay imprecision does include the variation from recalibration.
The assay was not affected by high concentrations of albumin, bilirubin, and hemoglobin, whereas high concentrations of lipid did cause an increase in the measurement of testosterone. Lipid may coat the tube and beads, resulting in a less-efficient wash procedure that would subsequently lead to inhibition of the chemiluminescent reaction. Whatever the mechanism, lipemic samples should be avoided with the ACS:180 assay of testosterone.
The between the matrix effect of the displacer on the assay and the amount that needs to be added for the displacer to be effective.
SHBG has no effect in the extraction assay because it is removed in the solvent extraction. An interesting observation is that, despite these differences between the methods at low testosterone concentrations, the bias of one kit toward another is not reflected in the reference ranges quoted by the different manufacturers! Most testosterone nmol/L. We propose that the higher upper range limit in the direct kits is a result of cross-reaction with testosterone conjugates in the serum, although differences in subject populations might also be an explanation. We have also observed that the direct assays give testosterone results higher than the extraction assay for some female sera, and one of our specimens gives values in the direct assays two to six times the result of the extraction assay: -30 nmol/L in the DPC assay,-11 nmoL/L in the Medgenix and ACS: 180 methods, but only 5.6 nmol/L in the extraction assay. A result similar to that of the extraction assay is obtained if this specimen is extracted with diethyl ether first, reconstituted in an appropriate diluent, and then analyzed by the commercial methods. This specimen has now been analyzed by each of these methods at least twice.
Our data suggest that all the commercial methods used in this evaluation are inaccurate to some degree, in that all show concentration-dependent effects. The ACS:180 method offers low imprecision with acceptable recovery. Its positive bias with respect to GC-MS-validated pools suggests some overestimation with the calibration.
Anyone changing to this method from an extraction procedure will probably not notice a large change in the results obtained, but changing from the DPC and Medgenix kits will cause a significant increase in most females' 
